10 



15 



* 



« 
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A compound having the structure 




y 4 



wherein B represents a purine/ 7-deazapur ine or pyrimidine 
moiety covalently bonded to the C 1 ' -position of the sugar 
moiety, provided that when Ef is purine or 7-deazapur ine , it is 
attached at the N 9 -posit iory of the purine or deazapurine, 
and when B is pyrimidine, it is attached at the ^-position; 

wherein A represents a mofiety consisting of at least three 
carbon atoms which is capable of ! forming a detectable com- 
plex with a polypeptide /when the compound is incorporated 
into a double-strand^ /ribonucleic acid, deoxyribonucleic 
acid duplex, or DNa/rn& . hybr id ; 



20 



25 



30 



wherein the dotted 
ing B and A, provid 
attached to the 8-po! 
purine, the linkage 
deazapurine, and if 
to the 5-position o 

wherein each of x, 

H-, H0-, HO^ 



represents a linkage or group join- 
:hat if B is purine, the linkage is 
.tion of the purine, if B is 7-deaza- 
attached to the 7-position of the 
I is pyrimidine, the linkage is attached 
the pyrimidine; and 



and z represents 



o 
il 


0 0 


P-0-. 


II li 
HO-P-O-P- 


OH 


1 1 
OH OH 



I 

OH 



OH 



OH 



2. A compound in accordance with Claim 1 wherein B is uracil, 
cytosine, deazaadpnine , or deazaguanine ; 



3. A compound in 
35 hapten. 



accordance with Claim 1 wherein A is a 
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4. A compound in accordance with Claim 1 where/n A is a 
1 igand . 

5. A compound in accordance with Claim 1 wh/rein A is 
biot in. 

5 

6. A compound in accordance with Claim l/wherein A is 
iminobiotin . 

7. A compound in accordance with Claiifi 1 wherein A is an 
10 organic moiety containing at least fi^s carbon atoms, 

8. A compound in accordance with c/aim 1 wherein A is a 
non-aromatic organic moiety. 



15 9. A compound in accordance ys?rLtM Claim 1 wherein the chem- 
ical linkage represented by Jthe/iotted line includes an 
olefinic bond at the ct -positf ior/ relative to B, 



10. A compound in accor dande/p^iJ^W Claim 1 wherein the chem- 
20 ical linkage includes the moVejLy -CH2-NH-. 

11. A compound in accordance with Claim 9 wherein the ole- 
finic chemical linkage is /-CH=CH-CH2-NH- . 

25 12. A compound in accordance with Claim 9 wherein the ole- 
finic chemical linkage i^ -CH=CH-CH 2 -0-CH 2 -CH-CH 2 -NH- . 

OH 

13. A compound in accordance with Claim 1 wherein the chemical 
linkage is selected fro|n or includes a moiety selected from the 
group consisting of 



35 



-S- , I -C-O- , and -O-. 

14. A compound in accordance with Claim 1 wherein x is 

O I 
II i 

HO-P-O-, y is |HO-, and z is HO—. 
OH 
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5 16 



15. A compound in accordance with Claim 1 wherein/x is 

? °* 

HO-P-0-P-O-, y is HO-, and z is H0-. 
d>H OH 

A compound in accordance with Claim 1/wherein x is 



20 19. 



o 


O 


0 


II 


II 


II 


HO-P-O 


-P-O 


-P- 


1 

OH 


1 

OH 


1 

OH 



10 17. A compound in accordance with JClaim 1 wherein x is 



O 




HO-P-O-, y is HO-, and z is M- . 
. OH 

15 18. A compound in accordance pith Claim 1 wherein x is 

? ? 

HO-P-O-P-O, y is HO-, 
OH OH 



with Claim 1 wherein x is 



A compound in accordc 

0 0 0 

1 » » 

HO-P-O-P-O-P-O-, y/is H0- f and z is H- . 
OH OH Ah 



25 20. A compound in accordance with Claim 1 wherein x is 
0 

HO-P-C- , y is HO-P-O-, and z is HO-. 
OH / OH 



30 21. A compound inj accordance with Claim 1 wherein x is 

I .: 0 

HO-P-O-, y lfe HO-P-O-, and z is H-. 

OH f OH 



35 
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22. A compound in accordance with any of Claims 14, 1/, 16, 
17, 18, 19, 20, or 21 wherein A is biotin. 



23. A compound in accordance with any of Claims 
17, 13, 19, 20, or 21 wherein A is iminobiotin. 



15, 16, 



24. A compound in accordance with any of Claims 14, 15, 16, 
17, 18, 19, 20, 21, 22, or 23, wherein th/ chemical link- 
age is -CH=CH-CH 2 -NH-* 



10 25. A compound in accordance with any 
17, 18, 19, 20, 21, 22, or 23 whereii 
is -CH=CH-CH 2 -0-CH 2 -(j:H-CH2-NH-. 

OH 



Claims 14, 15, 16, 
the chemical linkage 



15 26. A compound in accordance with/any of Claims 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, dt 25A/herein B is uracil. 



27. A method of preparing p. modified nucleotide having the 
structure : 



20 



CH, 



H 



25 wherein B represents a pu/r ine , 7-deazapur ine or pyrimidine 
moiety covalently bondedf to the C 1 ' -position of the sugar 
moiety, provided that wften B is purine or \ -7-deazapur ine , it is 
attached at the N^-position of the purine or deaz^pur ine , 
and when B is pyrimidine, it is attached at the N^-position; 

30 

wherein A represents/a moiety consisting of at least three 
carbon atoms which ijs capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-str anped r ibonucleic \ acid, deoxyribonucleic 
35 acid duplex, DNA-RNA hybrid; 



V 
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wherein the dotted line represents a chemical linkage join- 
ing B and A, provided that if B is purine/ the linkage is 
attached to the 8-position of the purine, if B Jls 7-deaza- 
purine, the linkage is attached to the 7-posi^on of the 
deazapurine, and if B is pyr imidine , the lin/age is attached 
to the 5-position of the pyr imidine ; and 



10 



wherein each of x, y/and z represents 

? ? ? 

H-, HO-, H0-P-0-, HO-P-O-P-O- 
I I I 

OH OH OH 

comprising the steps of : 



o o o 

II 

or HO-P-O-P-O-P-O- 
OH OH OH 



15 



(a) reacting a compo 



x-CH 



20 



25 




aving the structure: 



30 



35 



with a mercuric salt in a suitable solvent under 
suitable conditions so as to form a mercurated com- 
pound having the/ structure : 

B-Hg+ 

x-CH 2 O, 
H H 



(b) reacting said mercurated compound with a chem- 
ical moiety/ reactive with the -Hg + portion of said 
mercurated/compound and represented by the formula 
•••N, said* reaction being carried out in an aqueous 
solvent and in the presence of K2PdCl4 under suitable 
conditions so as to form a compound having the struc- 
ture : S B* • * N 

x-CH 2^°. 



10 



wherein N is a reactive terminal functional groyp or 
is A; and 

(c) recovering said compound as said modified nucleo- 
tide when N is A , or when N is a reactive' terminal 
group, react ing said compound with a compound having 
the structure M-A, wherein M represen/s a functional 
group reactive with N in an aqueous ysolvent under 
suitable conditions so as to form^aid modified 
nucleotide/ which is then recover* 

28. A method in accordance with Giaim 27 wherein said suit- 
able conditions comprise a pH irythef range from about 1 to 
14, a temperature in the range ytronv about 5° to 100° C, and 
a reaction time in the range f/om/about 3 to 24 hours. 

29. A method in accordance w|t4 Claim 27 wherein said mer- 
curic salt is mercuric acetate 

30. A method in accordance/with Claim 27 wherein said chem- 
20 ical moiety represented by /the formula •••N is 

-CH 2 =CH-CH 2 -NH2. 



15 



25 



30 



31. A method in accordance with Claim 27 wherein said chem- 
ical moiety represented by the formula • • * N is 

-CH2=CH-ai 2 -°~ CH 2-^ H " CH 2" NH 2- 

OH 



32. A method in accordance with Claim 27 wherein said 

/ 

aqueous solvents include a buffer. 

33. A method inf accordance, with Claim 32 wherein said buf- 
fer comprises sodium acetate, potassium acetate, sodium 
citrate, potass'ium citrate, potassium citrate-phosphate, 

tr is-acetate , and borate-sodium hydroxide. 



35 
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* 



34. A method in accordance with Claim 33 wherein the con- 
centration of said buffer is less than about. 2.0 njolar 

35. A method in accordance with Claim 27 wherein in step 
5 (b) the aqueous solvent additionally includes an organic 

solvent. 

36. A method in accordance with Claim /5 wherein said or- 
ganic solvent is water-miscible . 

10 

37. A method in accordance with CJfeim 35 wherein said or- 
ganic solvent comprises ethers, a/cohols, esters, ketones, 
and amides. 

15 38. A method in accordance with Claim 37 wherein said or- 
ganic solvent comprises methanol, ethanol, propanol, glyc- 
erin, dioxane, acetone, pyridine, and dimethylf ormamide . 



20 



39. A method in accordance with Claim 27 wherein A com- 
prises biotin or iifiinol^iot in , and M comprises N-hydroxy- 
uccinimide ester / imidate , anhydride, isothiocyanate , and 



epoxide . 



40. A method in accordance with Claim 27 wherein M is an N- 
25 hydroxysuccinimide/ester . 



41. A method in /accordance with Claim 27 wherein M com- 
prises imidate, Anhydr ide , isothiocyanate , and epoxide. 

30 42. A method in accordance with Claim 27 wherein ### N com- 
prises thiol , /car boxyl ic acid, epoxide, and amine. 



35 



43. A method in accordance with Claim 27 wherein said 
chemical moijety represented by the formula # *»N is 
-CH=ffiH-CH 2 -NH-biotin. 



• 
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44. A*method in accordance with Claim 27 whereLrt said 
chemical moiety represented by the formula • • VN is 
-CH=CH-CH 2 -0-CH 2 -CH-CH 2 -NH-biot^ft 

OH 



5 45. A method in accordance with Claim 27 wherein said 

/ 

chemical moiety represented by JChe /ormula • • • N is 
-CH=CH-CH 2 -NH-iminobio£in 



46. A method in accordance 
10 chemical moiety represent; 

-CH=CH-CH 2 -0-CH 2 - 



47. A compound having ftvieystructure 



15 



20 



25 



30 



35 




Claim 27 wherein said 
he formula * ## N is 
NH-iminobiot in . 



B* • -A 



B 



O-CH 



H 



H 



? 

■r- 

OH 



-OH 



n 



\ 
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wherein each of B, B', and B" represents a purine, de< 
purine, or pyrimidine moiety covalently bonded to th^ C 1 '- 
position of the sugar moiety, provided that whene^r B, B', 
or B" is purine or deaza^pur ine , it is attached at the re- 
position of the purine or deazapurine, and whenever B, B', 
or B" is pyrimidine, it is attached at the ^-position; 



10 



15 



20 



25 



wherein A represents a moiety consist ing^of at least three 
carbon atoms which is capable of formyig a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-stranded duplex formed with a complementary 
ribonucleic or deoxyribonucleic acid molecule. 



wherein the dotted line represents a chemical linkage or group 
joining B and A, provided tha/if B is purine, the linkage is" 
attached to the 8-position off the purine, if B is; 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B^ pyrimidine, the linkage is attached 
to the 5-position of 



wherein z represent 




wherein m and n repMsent integers from 0 up to about 
100,000. 



49. A compound ifi accordance with Claim 4 7 wherein m and n 
are not simultaneously 0. 



50. A compound' in accordance with Claim 47 wherein B is 
30 uracil, cytosLne, deazaadenine , or deazaguanine. 



35 



51. A compound in accordance with Claim 
and B" variefs and is a uracil, cytosine, 
or adenine./ 



47 wherein each B' 
thymine, guanine, 



# • • 



52. A compound in accordance with Claim 47 wherein/ft is a 
ligand. 



53. A compound in accordance with Claim 52 wherein A is a 
5 hapten. 

54. A compound in accordance with Claim $fl wherein A is 
biotin. 

10 55. A compound in accordance with Cl^aim 47 wherein A is 

iminobiotin. 



15 



20 



56. A compound in accordance wiyi Claim 47 wherein the 
chemical linkage represented by ythe dotted line includes an 
olefinic bond at the a-positior/ relative to B. 



57. A compound in accordance with Claim 47 wherein the 

/ 

chemical linkage includes the moiety -CH2-NH-. 



58. A compound in accordance with Claim 56 wherein the 

/ 

olefinic chemical linkage is -CH=CH-CH2~NH- . 



25 



30 



59. A compound iry accordance with Claim 56 wherein the 
olefinic chemical /l in/age is -CH=CH-CH 2 -0-CH2-CH-CH 2 - NH- 

OH 



60. A compound ipi 
chemical linkage 

ected from the gr/>up consisting of 

«■ ? ■ 

~ s -> -C-0-, and -0-. 

61. A compoundjfin accordance with Claim 47 wherein A is 
an organic moiety containing at least five carbon atoms. 




accordance with Claim 56 wherein the 
selected from or includes a moiety sel- 



35 



62. A compound in accordance with Claim 47 wherein z is HO- 



63. A compound in accordance with Claim 47 wherein z is H-< 



• • • 



64. , A. compound in accordance with Claim 62 or Claim >63 
wherein A is biotin. 

65. A compound in accordance with Claim 62 or gfaim 63 
wherein A is iminobiotin. 

66. A compound in accordance with any of Claims 62, 63, 64, 
or 65 wherein the chemical linkage is -CH5=x!H-CH2-NH- . 



10 



67. A compound in accordance with ax\Y/of. Claims 62, 63, 64, 
or 65 wherein the chemical linkage is^ 
-CH=CH-CH2-0-CH 2 -<pH-CK 2 -NH-< 

OH ' 



15 



68. A compound in accordance yith any of claims 62, 63, 64, 
65, 66, or 67 wherein B is ujpgnsil. 



20 



25 



30 



35 



69. A compound which comoMses a plurality of structures' 
in accordance with Claim 4fft joined together. 

70. A compound in accordance with Claim 69 wherein said 
plurality comprises from It wo up to about 30. 



/ 



71. A method of making a compound in accordance with Claim 
47 comprising an enigmatically polymerization of nucleo- 
tide triphosphates having the structure 




x-CH 




wherein Q represents B # » # A, B', or B", and one of x and y 
represents fO O. Cj> 



/ II II II 

HO^P-O-P-O-P-O-, and the other of x and y 



represents HO- 



OH OH OH 
in the presence of a nucleic acid 



10 
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template under suitable conditions so as to form sai/d com- 
pound . 




72. A method in accordance with Claim 71 wherein said enzy- 
matic polymerization comprises contacting said^ nucleotide 
triphosphates with a suitable enzyme selects/ from the group 
comprising DNA polymerase I of E. coli, bacteriophage T4 DNA 
polymerase, DNA polymerases a and 0 from /murine and human 
(Hel*a) cells, DNA polymerase from Herped^ simplex virus, RNA 
polymerase of E. coli, RNA polymerase of bacteriophage T7, 
eukaryotic RNA polymerase including Hela cell RNA polymerase 
III, calf thymus RNA polymerase II, ^nd mouse cell RNA poly- 
merase II. . 



15 



20 



73. A method of making a dompound in accordance with Claim 

/ jjf 

47 wherein n is O which cc^prisps enzyma t ically adding a 
modified nucleotide in acppr danye with Claim 20 or Claim 
21 to the end of an oligo-f a^polynucleot ide under suitable 
conditions so as to formf §aid compound. 

/ 

74. A method in accordance with Claim 73 wherein said enzy- 

/ 

matic addition comprises contacting said modified nucleotide 
with an RNA ligase. 



25 



75. A method of making/a compound in accordance with Claim 
47 comprising the steps' of: 
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# 



(a) reacting a compound having the struct/re 




with a mercuric 
suitable condittc 



— -OH 



lift An: a suitable solvent under 

so as to form a mercurated deriv- 



ative compound paving the structure 

B-Hg+ 



(b) reacting said mercurated derivative compound 
with a chemical moiety reactive with the -Hg + portion 
of said mercurated compound and represented by the 
formula • • • N, said reaction being carried out in an 



10 



15 



20 



25 



aqueous solvent and in the presence of K2 p dCLg under 
suitable conditions so as to form a compoun/ having 
the structure: 



B • • • N 



O-CH2 o 
H 



wherein N is a reac 
is A; and 




functional group or 



(c) recovering said compound of Claim 47 when N is 

/ 

A, or when N is a reaative terminal group, reacting 
said compound with a ^compound having the structure M 
A wherein M repio/Q^enfts a functional group reactive 
with N in an add ®ou'S .solvent under suitable con- 
ditions so as/ t&J^Eofcm said compound of Claim 47, 
which is then/reJWered. 

76, A method in acc|/dfance with Claim 75 wherein said suit 
able conditions comprise a pH in the range from about 1 to 
14, a temperature inf the range from about 5° to 100° C, and 
a reaction time in ±he range from about 3 to 24 hours. 



30 



77. A method in accordance with Claim 75 wherein said mer- 
curic salt is merJcuric acetate. 

78. A method in accordance with Claim 75 wherein said chem- 
ical moiety represented by the formula * # *N is 
-CH=CH-CH^-NH, 



35 



79, 



A method //in accordance with Claim 75 wherein said chem- 



ical moiety represented by the formula ### N is 

-CH=CH-CH o -0-fcH o -CH-CH o -NH_ 
2 J 2 -| 2 2* 

OH 
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80. A method in accordance with Claim 75 wherein sgfid aque- 
ous solvents include a buffer. 



10 



81. A method in accordance with Claim 80 wherein said buf- 
fer comprises sodium acetate, potassium acet/te, sodium 
citrate, potassium citrate, potassium citrate-phosphate, 
tr is-acetate , and bor ate-sodium hydroxide^ 




82. A method in accordance with Claim/ 81 wherein the con- 
centration of said buffer is less tha^t about 2.0 molar. 



15 



20 



25 



83. Ax method in accordance with G'laim 75 wherein in step 

/ 

(b) the aqueous solvent additionally includes an organic 
solvent . . 

84. A method in accordance ylth Claim 83 wherein said or- 
ganic solvent is water-ffnisci^ble . 



85. A method in accorj 
ganic solvent compris 
and amides . 





ith Claim 83 wherein said or- 
s, alcohols, esters, ketones, 



86. A method in accordance with Claim 85 wherein said or- 
ganic solvent comprises methanol, ethanol, propanol, glyc- 
erin, dioxane, acetone, pyridine, and dimethylformamide . 



30 



87 



A method in accordance with Claim 85 wherein A com- 



prises biotin or iminobiot in , and M comprises N-hydroxy- 
succinimide ester*, imidate, anhydride, isothiocyanate and 
epoxide . 



88. A method i|h accordance with Claim 75 wherein M is an N- 
hydroxysuccinimide ester . 



35 



89. A method Bin accordance with Claim 75 wherein M com- 
prises imidate, anhydride, isothiocyanate, and epoxide. 



90. A 

prises 



method 
thiol, 



in accordance with Claim 75 wherein 
carboxylic acid, epoxide, and amine/ 



• N com- 



91 



A method in accordance with Claim 75 wherein said 
chemical moiety represented by the formula y^-N is 
-CH=CH-CH 2 -NH-biotin. 



92 



A method in accordance with Claim/75 wherein said chem- 
ical moiety represented by the formul4 • • • N is 

-CH=CH-CH 2 -0-CH 2 -(j:H-CH2-NH-b^)tin. 
OH 



93. A method in accordance wit/ Claim 75 wherein said chem- 
ical moiety represented by the/formula •••n is 
-CH=CH-CH 2 -NH-iminobid(in. 



94. A method in accor 
ical moiety represent 
-CH=CH-CH 2 -0 



with Claim 75 wherein said chem- 
ujmi the formula is 
~H-CH 2 -NH-iminobiotin. 




95. A method of detecting a compound in accordance with 
Claim 1 which compr|Os contacting said compound with a 
polypeptide capableAof forming a complex therewith under 
suitable condition! so as to form said conplex, said poly- 
peptide being capable of or including a moiety which can be 
detected when sa4d complex of said compound and said poly- 
peptide is formed, and ; detecting said complex using an ap- 
propriate detection technique. 



96. A metho^ 7 in accordance with Claim 95 wherein the moiety 
A of said compound comprises biotin and iminobiotin. 



97. A method in accordance with Claim 95 wherein said poly- 
peptide comprises avidin, streptavidin, and igG 
anti-A immunoglobulin; 



4 4 



98. A method in accordance with Claim 95 wherein/the moiety 
A of said compound is a hapten and said polypeptide is an 
antibody.- 



99. A method in accordance with Claim 
A of said compound is a ligand. 




wherein the moiety 



100. A method in accordance 
included in said polypepti< 
fluorescent dye, electron 
of depositing an insoluble 



rithytlaim 95 wherein the moiety 
7hyoh can be detected is a 

[gent, or enzyme capable 
Tion product. 



101. A chemical complexyfeompr ising a compound in accordance 
with Claim 1 and a polypeptide capable of forming said com- 
plex with said compoi 

102. A chemical o6mplex in accordance with Claim 101 wherein 
said polypeptide/includes a moiety which can be detected 

103. A chemical complex in accordance with Claim 102 where- 
in said detectable moiety is a fluorescent dye, eletron 
dense reag/nt, or enzyme capable of depositing an insoluble 
reaction /roduct. 

104. \A method of detecting a compound in accordance with 
Claim 4\which comprises contacting said compound with a 
polypeptiSte capable of forming. a\ complex therewith under 
suitable conditions so, as to Vf otrrk said complex, said poly- 
peptide inclining a moiety whr^Jafy^n be detected when said 
complex of saick compound and said ^polypeptide is formed, and 
detecting said complex using an app\opriate detection tech- 
nique . 



105. A method in accordance with Claim\l04 wherein the 
moiety A of said compounad comprises biot^n and iminobiotin. 
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♦ 



106. A method in accordance withlClaim 104 wherein said 

polypeptide comprises! avidin, str ^ptavidin , and IgG 
anti-A immunoglobulin J 



107. A method in accordance witl 
moiety A of said compound is a hi 
is an antibody thereto!, 



[aim 104 wherein the 
and said polypeptide 



108. A method in accordance with cJaLti 104 wherein the 
moiety A of said compound is a ligarld. 



109. A method in accordance' -wi th Claim 104 wherein the 
moiety included in saidl polypeptide fchich can be detected is 
a fluorescent dye, electron dense realgent , or enzyme capable 
of depositing an insoluble reaction product, 

llX* A chemical complex 1 compr ising a compound in accordance 
with "Siaim 47 and a polypeptide capable of forming said 
complex w*i£h said compound. 



111. A chemica 
in said polypeptide 




rdance with Claim 110 where- 
oiety which can be detected, 



112. A chemical compl< 
in said detectable moi< 
dense reagent, or enzyme 
reaction product. 



rdance with Claim 111 where- 
scent dye, electron 
siting an insoluble 



113. A method of detecting a doubl^str anded polynucleotide 
duplex which includes a compoun^r in accordance with)g^i^k^& 
(Ha - i - m ! ■ or— G . 1 a i m ^4^ whlch cpflfprises contacting said poly- 
nucleotide duplex witii j^£>olypept ide capable of forming a 
complex therewith unj})(r^ui table conditions so as ■ to form 
said complex, sai^polypeptide including a moiety which can 
be detected wt>^n said complex of said polynucleotide duplex 
and said polypeptide is formed, and detecting said complex. 




114. A method in accorda 
moiety A of said polynucl 
iminobiotin . 



rde 



Claim 113 wherein the 
duplex comprises biotin and 



115. A method irjXciccor dance with Claim 113 wherein said 
polypeptide^0<mpr ises avidin, s tr eptavidin , and igG 
anti-^xlWiunoglobulin . 



116. A method in accordar 
moiety A of said compound 
is an antibody thereto. 



with Claim 113 wherein the 
is a hapten and said polypeptide 



117. A method in accordance 
moiety A of said compound £ 



fith Claim 113 wherein the 
a ligand. 



118 . A method 
moiety included 
a fluorescent 
of depositin< 



accordance 




ein the 
detected is 
enzyme capable 



119/v A double-stranded polynucleotide duplex which includes 
a compound in accordance with either Claim 1 or Claim 47. 

120. A dupr^x in accordance with Claim 119 wherein said 
polynucleotide\strands are ribonucleic acid molecules 

121. A duplex in Wordance with Claim 119 wherein said 
polynucleotide strarr^/ \re deoxyribonucleic acid molecules, 



122. A molecular coi 
with Claim 119 and a 
complex with said duplex. 



fmprising a duplex in accordance 
capable of forming said 



123. A molecular complex in accordance with Claim 122 where- 
in said polypeptide includes a mc^i^ty which can be detected. 
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124. A molecular comp 
in said detectable 
dense reagent, or en 
reaction product. 




In accordance with Claim 123 where- 
ry is a fluorescent dye, electron 

able of depositing an insoluble 




125\ A method of determining the presence of a deoxyribo- 
nucleic or ribonucleic acid molecule which comprises forming 
a double-stranded hybrid polynucleotide duplex which in- 
clude^ a single strand of deoxyribonucleic or ribonucleic 
acid ccAr responding to or derived from said deoxyribonucleic 
or riborrucleic acid molecule and a compound in accordance 
with ClaaW 47, and detecting said double-stranded hybrid 
polynucleotide duplex according to the method of Claim 113, 

126. A method in accordance with Claim 125 wherein said 
deoxyribonucleic or ribonucleic acid molecule is derived 
from a living organism. 

127. A method^ in accordance with Claim 125 wherein said 
living organisi^ comprises bacteria, fungi, viruses, yeast, 
and mammals, 



128. A method ofV diagnosing the presence of a nucleic acid- 
containing etiological agent in a subject which comprises 
obtaining a suitable sample from said subject, determining 
the presence in saia sample of deoxyribonucleic or ribo- 
nucleic acid naturaluy associated with said etiological 
agent by forming a daiible-stranded polynucleotide duplex 
which includes a compound in accordance with Claim 47 and a 
single strand of deoxyribonucleic or ribonucleic acid cor- 
responding to or derived from said deoxyribonucleic or ribo- 
nucleic acid which is na\urally associated with said etio- 
logical agent under suitable conditions, and detecting the 
presence of said double-st\anded polynucleotide duplex using 
the method of Claim 113, 
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129. A 
subject is 
eludes bac 



me thod 



in accordance with Claim 128 wherein said 
human or animal and said etiological agent in- 
eria, viruses, and fungi. 



130. A metlhod of testing a bacterium to determine the pres- 
ence of resistance to an antibiotic which comprises pre- 
paring a polynucleotide complementary to the deoxyribo- 
nucleic aciq gene sequence of said bacterium which confers 
resistance tip said antibiotic and includes the compound of 
Claim -1 incorporated therein, contacting said polynucleotide 
with deoxyribonucleic acid obtained from said bacterium under 
suitable conditions so as to form a double-stranded hybrid 
duplex, contacting said duplex with a polypeptide capable of 
forming a coiraplex with said hybrid duplex under suitable 
conditions, said polypeptide including a moiety which can be 
detected if said complex is formed, and detecting the pres- 
ence of said Complex using an appropriate detection techni- 
que, the presence of said complex indicating resistance to 
said antibiotic and the absence of said complex indicating 
susceptibility! to said antibiotic, 



131.. A methoct in accordance with Claim 130 wherein said 
bacterium is S t\r eptococcus ^pyogenes or Ne isser is menin- 
gitidis and saia antibiotic 3s£ penicillin, 



132. A method ito accordance wil 
bacterium is Staphylococcus aur eu> 
domonas aerug inosU t Streptococcus 
gonorrhoeae and said antibiotic ii 



:iai 



130 wherein said 
dida albicans , Pseu- 
enes , o r Neisse r i a 



/te tr acycl ine . 



133. A method in accordance wi th 1 Claim\130 wherein said 
bacterium is Mycobapt: er ium tuberculosis a^d said antibiotic 
is an aminoglycoside 



134. A method of diagnosing a genetic disorder in a subject 
which comprises preparing a polynucleotide complementary to 



* -»-■ • 

the deoxyribonucleic acid gene sequence of said subject 
which i\ associated with said genetic disorder and includes 
the comp&und of Claim 1 incorporated therein, contacting 
said polynucleotide with deoxyribonucleic acid obtained from 
said subject under suitable conditions so as to form a double- 
stranded hybrid duplex, contacting said duplex with a poly- 
peptide capable of forming a complex with said hybrid duplex, 
said polypeptide including a moiety which can be detected 
when said comj&ex is formed, and detecting the presence of 
said complex us\ng an appropriate detection technique, the 
presence or absence of said complex indicating the presence 
or absence of saiSJ genetic disorder . 

135. A method of d\agnosing thalassemia in a human subject 
which comprises preparing a polynucleotide complementary to 
the deoxyribonucleic hpid gene sequence which is absent in 

0 -minus thalassemic subjects and includes the compound 
of Claim 1 incor por atedVther e in , contacting said polynucleo- 
tide with deoxyribonucleic acid obtained from said subject 
under suitable condi t ions\so as to form a double-stranded 
hybrid duplex, contacting \aid duplex with a polypeptide 
capable cf forming a complex with said hybrid duplex under 
suitable conditions, said polypeptide including a moiety 
which can be detected when sa\d complex is formed, and 
detecting the presence of saidXcomplex using an appropriate 
detection technique, the absenc\ of said complex indicating 
the presence of g-minus thalassemia . 

136. A method of chromosomal karyotyping which comprises 
preparing a series of modified polynucleotides corresponding 
to a series of defined genetic sequences located on chromo- 
somes, said polynucleotides including ^compounds in accord- 
ance with Claim 1, contacting said polwiucleot ides with 
deoxyr iboxyr ibonucleic acid obtained frd^n chromosomes so as 
to form hybrid duplexes, contacting eachV^f said duplexes 
with a polypeptide which is capable of foMiing a complex 



4 
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with each teuch duplex, said polypeptides including moietes 
which can &e detected when said complexes are formed, and 
determining the location of each complex on said chromosomes 
so as to thereby determine the location of said genetic se- 
quences on spid chromosomes. 

137. A methoS of detecting a polynucleotide which includes 
the terminal pblynucleot ide sequence poly A which comprises 
preparing a modified poly U molecusje in which at least one 



uracil moiety hhs been modified by 
5-position of a moiety A consisti 
atoms which is capable of forming 
a polypeptide when\ the modified ura A 
ted into a double-stranded poly A-p 
such a poly A-poly lAduplex by contac 
tide containing said \oly A sequence with 
U molecule under suitable conditions, and 



mical addition at the 
at least three carbon 
pctable complex with 
iety is incorpora- 
duplex, forming 
said polynucleo- 
aid modified poly 
tecting result- 



in? 



ing duplexes so as to t\ereby detect said polynucleotide , 



13tH^ A compound in accordance with Claim 1 in which z is H- 
or HO- ah^ x and y are reacted to form the cyclic moiety 




139. A compound in accc 
or HO- and y and z are rel 



f 

O O 
\ / 

-\ 

OH 



Claim 1 in which x is H- 
form the cyclic moiety 




Amethod of identifying hormone receptor sites on the 
surfaces ofceTi^^iiich comprises binding a compound in 
accordance with Claim T58***e^l39 to the said sites under 




f 

V 



15 



20 



i 

itiJn 
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t 



suitable cond 
cells to produce 
pound is bound, 



s permitting binding, disrupting said 
cell surface fragments to which said corn- 
separately recovering said cell surface 




fragment, and identifying the same so as to identify said 
hormone receptor sites. 

141. A method ofl tumor or cancer cell identification which 
comprises detecting malignant cells by detecting abnormal 
hormonal receptoJ sites associated therewith according to 
the method of Cl4im 140. 

142. A method of I diagnosing a tumor cell which comprises 
preparing a polynucleotide which is complementary to a 
messenger ribonucleic acid synthesized from a deoxyribo- 
nucleic acid gene Sequence associated with production of a 
polypeptide diagnostic for said tumor cell and includes a 
compound in accordance with Claim 1, introducing said poly- 
nucleotide into saild cell under suitable conditions so as to 
permit said polynucleotide to hybridize with said deoxyribo- 
nucleic acid gene sequence, and determining whether said 
polynucleotide hybr ildizes . 



25 



30 



143. A method in acdbrdance with Claim 142 wherein said 
polypeptide is ct-fetafl. protein. 

144. A method in accordance with. Claim 142 wherein said 
polypeptide is carcino&mbryonic \^i^igen . 

14'd. A diagnostic kit useful yor determining the presence 
of a nucleic acid - containing organism such as a bacterium 
which comprises a compound/lfth accordance with Claim 47 which 
is complementary to all <*A~*fnique portion of the nucleic 
acid contained in said oi^/nism and a polypeptide capable of 
forming a detectable conjplex therewith. 





